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Introduction HERA
Neutral Current and Charged Current DIS

ZEUS & H1
HERA as a QCD machine

s HERA Luminosity 2002 - 2007

20 ¢ 06 e /e"

175 |

Integrated Luminosity (pb™)
-
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T
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75 —
At HERA e were collided with 50 :
protons at the interaction points of 2 | <
H1 and ZEUS with /s ~ 320 GeV o Q62703 |3
0 50 100 150 200 250 300 350
Days of running
e*(27.6 GeV)\ p (820/920 GeV)

HERA I: ZEUS £ ~ 130 pb~!
HERA II: ZEUS £ ~ 360 pb~!
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H E RA Introduction HERA
Neutral Current and Charged Current DIS
ZEUS & H1

Ki nematics HERA as a QCD machine

Neutral Current (NC)

e(k) k) 4-momentum transfer:
g=k—K
Virtuality (resolving power):
Q*=-¢*

Parton momentum fraction:
2
= 2
p-q

X e Inelasticity:
— gp

Y=k
P(p) (CM energy)z:
s = (k+ p)* =~ 4E.E,
vP CM energy/Mx:
W = (p+q)?

v/Z 9

Similar diagrams involving W
exchange for Charged Current
scattering (CC)
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Introduction

ZEUS & H1

HI _ Run 122145 fvent 69506 Date 19/00/1995

[@F =500 Geve,_y=v.38, A7 =311 67

m Liquid Argon Calorimeter

m Optimised for precision
measurement of the
scattered lepton

James Ferrando

HERA

Neutral Current and Charged Current DIS
ZEUS & H1

HERA as a QCD machine

m Depleted Uranium Calorimeter

m Optimised for precision
measurement of the hadronic
final state

QCD at Highest Q2
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Introduction

HERA
Neutral Current and Charged Current DIS

ZEUS & H1
HERA as a QCD machine

HERA was the premier machine for measuring structure functions
and hence the parton distribution functions (PDFs) of the proton:

e(k) C(9)
v/Z o
PDF(x,Q?)

X
P(p)

Scaling violations of structure
functions give sensitivity to ag

James Ferrando

QCD at Highest Q2

Proton beam — no need for
nuclear corrections

Different Ep data sets allow F;
measurement

Electron beam — cleaner than
PP or PP

et /e~ data taking can exploit
EW effects

Several orders of magnitud
reach in Q?, x
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Heavy Flavou r Introduction HERA

Neutral Current and Charged Current DIS

ZEUS & H1

P rOd U Ctlon HERA as a QCD machine

In DIS charm and beauty production comes

&K) mainly from BGF (Analogous with flavour
creation processes in hadron-hadron collisions).
One can measure the structure functions F5¢ and

e(k)

F2bE by tagging events via:

m Impact Parameter

m D meson production

m semileptonic heavy quark decays

P(p) " This gives sensitivity to the gluon PDF
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Jet Introduction HERA
Neutral Current and Charged Current DIS
ZEUS & H1

I’Od u CtIO n HERA as a QCD machine
Y

Boson-Gluon Fusion

(k) ak’)
The eP environment is excellent for jet physics.
m Jets are copiously produced at HERA.

m Minimal contribution from underlying event
g (at High @3)

QCD Compton kT algorithm is the algorithm of choice at HERA

oK) m Sensitivity to aig in jet production cross
sections

m Sensitivity to g(x, @?) in cross sections

m Possibility of studying jet substructure
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Measuring F; and PDFs at HERA
F> and xF3

1 Measurements of F|
Outline eele

Heavy Flavour Production
Isolated ~ Production

K Structure Functions and Parton Distribution Functions
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Measuring F; and PDFs at HERA

StrUCtU re Fp and xF3

Measurements of F|

PDF Fits

FU nCtlonS Heavy Flavour Production

Isolated v Production

NC Double Differential Cross-Section

2
iy = ZLLRNC (x, Q%) — 4 FY(x, Q%) F Yo xFIC (x, @2)] (1+6,)

dde2 xQ*
et
d?s CP d2UNC Born
= 1+4,)
axd Q2 aaar r ’
(k) k)

Ye=14+(1-y)?

o, Electroweak radiative correction

vz o

Structure Functions

LO QCD PDF(x,Q?)
F> | Dominates most phase space | > x(q; + ;)
xF3 Parity violating (high @? ) > x(qi — Gi)
FL Longitudinal SF (high y) 0

From scaling violations: P(p)

FL = asxg(x, @)
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Measuring F; and PDFs at HERA

StrUCtU re F> and xF3

Measurements of Fr

PDF Fits

FU nCtlonS Heavy Flavour Production

Isolated v Production

CC Double Differential Cross-Section

+
2 e*p 2 42
T oige GE My

AxdQ2 T anx(Q@+M2,)? [Y+FZCC(X7 Qz)—}’QFLCC(Xa Q)T Y—XF3CC(X7 02)] (1+6r)

Structure Functions

Fre- =x(d+s+0+7) e(k) v(k")
xFES =x(d +s —0- )

FSS =x(u+c+d+3)

XF3C:§, =x(u+c—d—53) W q2

PDF(x, Qz)
Reduced Cross Sections

G5E =x[(1—y)*(d+s)+ 0+
58 = x[(1—y)2(d +5) + u+c] P(p)
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Measuring F; and PDFs at HERA
Fy and xF3
Measurements of F|

PDF Fits
Heavy Flavour Production
Isolated ~ Production

Differential cross section well
HERA 1& Il described by SM

> : e el - rel. E -
8 1k N meancooom 3 m NC cross section much larger
g = o ZEUS e'p NC 06-07 (prel) 3 2
& E © ZEUS ep NC 05-06 = at |ower Q
%’ E —— SMe’p NC (HERAPDF 0.1) J
= V1l —— SMep NC (HERAPDF 0.1) - . .
BUE ., m CC and NC similar for
= = E 2 o M2
j; E Q° ~ MV
103 * Hle'p CC03-04 (prel) 3 . . _
E 4 Hiepcoz00s rel) E m Differences in eTp and e p
E = ZEUSEp CCO6-07 (prel) -
E e ZEUSep CC04-06 3
10.5;, sMe'p(p:c(HERAPDFm) - CC from PDFS
E SM ep CC (HERAPDF 0.1) E . . _
E o eos \§ m Differences in eTp and e p
I R R L NC from EW effects
10°
Q*(Gev?)

There are also also data subsets
with longitudinally polarised e®*
beams

ZEUS-prel-09-001
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http://www-zeus.desy.de/public_results/functiondb.php?id=ZEUS-prel-09-001

ZEUS

R B R AL s R
50 Gev? | 2

Q%=350Gev’ | o Q°=450 GeV* ]

Q%=800Gev’]  Q%=1200Gev’}  Q*=1500Gev’]

Q%=2000Gev}  Q*=3000Gev’]  Q*=5000Gev’}  Q*=8000 Gev*]

Measuring F; and PDFs at HERA
Fy and xF3
Measurements of F|

PDF Fits
Heavy Flavour Production
Isolated ~ Production

More important for PDF fitting
are the reduced cross sections.

m Well described by SM
prediction

m HERA Il e”p sample 10x
HERA | lumi

TN NN N

[ Q%12000GeVZ  Q%=20000GeV’]  Q?=30000 GeVZ:

&p (169.9pb)
P.=0

1 — SM (ZEUSJETS)

0sf + 1 < o zeusne
g' 1 e'p (63.2pb7Y)
TR0
Ol L Eord ol GO ol u;» — SM (ZEUS-JETS)

107 10" 107 10" 10?107

X

Eur. Phys. J. C62 (2009) 625

James Ferrando

m Can now obtain much
more precise xF3 from
etp difference

QCD at Highest Q2
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Measuring F; and PDFs at HERA
Fy and xF3
Measurements of F|

PDF Fits
Heavy Flavour Production
Isolated ~ Production

xF3 o< 32 x(qi — qi)

ZEUS

wo [ ] N 08 —_—— . ————r
x r T T” [ e ZEUSNC, ep (2331pb ), Q5000 Gev? ]
021 T T 7] X L [ BCDMS N, 40<Q’<180 Gev? ]

f 1 0.6 —— SM (ZEUS-JETS) |

F 3 ] ] r SM (CTEQ6.6) ]

0 J. \§ [ —— sM (MRST2004) ]

F Q=3000Gev2 | © 1 Q*=s000Gev? Q=8000GeV? 04— -

t - r ]

#ZEUSNC, - B

etp (233.1pb ™) 02— il

02r T T-SM (ZEUS-JETS) L ]
. [N TR S %

12— 2 2 2 )2 2 I 1

QEIA000GeY | L QTGN T Q00 -t
10 1 10" 1 10" 1 10 <
X

Eur. Phys. J. C62 (2009) 625

QCD at Highest Q2
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Measuring F; and PDFs at HERA
Fy and xF3
Measurements of F|

PDF Fits
Heavy Flavour Production

ZEUS

. .
Q?=530GeV?

. .
Q=950 GeV?2

" o

T @%=3000Gev?

T Q*=5300Gev? |

T T =
Q7= 17000 GeV?

Q?=130000 GeV?

02 T« zEUS(ra)cCep | -~ SM (CTEQED)
(132pb*,P.20) — SM (ZEUSJETS)
(Ly)*x(d+s)
odh - X(T+T)
0 L ’4“‘\}\\/ L L FS 2.
10? 10% 102 10"
X

James Ferrando

Isolated v Production

New measurements of CC DIS
cross sections have been
performed:

m Large e~ p sample (Eur.
Phys. J. C61 (2009) 223)

m Large new e*p sample
(ZEUS-prel-09-002)

The flavour selecting
properties of the charged
exchange mean that e™p data
is particularly useful for
constraining the d PDF.

QCD at Highest Q2
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Measuring F; and PDFs at HERA

H1+ZEUS F and xFs

Measurements of F|

CO m bl n ed D ata fIICDaFV)::iItffavour Production

Isolated v Production

In addition to new data, considerable progress has been made in

combining results made using the data collected from 1994-2000.
Strategy:

m Swim measurements to ~ H1 and ZEUS Combined Data
9.0 x=0002 g
common x, Q? grid E ’ s veraincep gy | 5
m Correct data to same E, o it S
(920 GeV) i ¢%¢
m Calculate average values and 't j‘& ¢$§$$i$3¢% e 3
uncertainties? using a global b g o sas 8™ {
combination : i o |8
m Evaluate procedural ol o egegte g ; % m
uncertainties , ‘ } _ ¥ g
2arXiv:0904.0929 F/cart
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http://arxiv.org/abs/0904.0929

Measuring F; and PDFs at HERA

H1+ZEUS F and xFs

Measurements of F|

CO m bl n ed D ata fIICDaFV)::iItffavour Production

Isolated v Production

1402 points combined to 741 unique measurements

m \?/ndf = 637/656

H1 and ZEUS Combined Data
m 110 systematic uncertainties & _f oo @ g
from experiments ° 9&% * HERAINCEp(rd) | <
12 o ZEUS
. _ =
m 3 systematic uncertainties i gﬁ* © HL
from combination ﬁ
08 |- x=0.02
Overall precision is improved: - o §
or 8t a3 H
m 3 < Q%< 500GeV 2% Lo
. . (E x=0.25 E
recision b
p 02 |- WW*% # %% g
m 20 < Q% < 100GeV 1% L
precision ! ® © © o1 ce?

H1prelim-09-045,ZEUS-prel- 09-011
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http://www-h1.desy.de/h1/www/publications/htmlsplit/H1prelim-09-045.long.html

Measuring F; and PDFs at HERA

EXtraCt'on F> and

Measurements of Fj

PDF Fits
Of FL Heavy Flavour Production
Isolated v Production

Recall that for unpolarised e® p scattering:
2 ei
dorr = Z2[Y, Fy(x, Q%) — y2Fi(x, Q%) F YexFs(x, Q%))

For now we can neglect xF3 and write an expression of the reduced
cross section (o)

0% 2 et 2
or = (25, St = [Falx, @) — LFu(x,@2)]

for F, Measurements at different y for the same x, Q? required.
Solution? Use different beam energies

Choice of energies is made to maximise difference in \)ﬁj

James Ferrando QCD at Highest Q? 18 / 49



Measuring F; and PDFs at HERA

Measurlng FL F> and xF3

Measurements of F|

at H E RA fIICDaFV)::iItffavour Production

Isolated v Production

E, (GeV) 460 | 575 | 920 ZEUS

H1l £ (pb_l) 12 6 22 c Lof @ T200eVime67 <107 Q'=32GeV, kB x 10
—1 3 3
ZEUS L (pb2) | 14 | 7 | 44 ——
3F + 3 =
12 . zeus I ]
11: = FRCE,- RryY, E ]
3 1sf @ =450V x=125x107°F " Q' 260 GeV?, x=1.67 x 10 3
14F + E
13 h—\i\f\—w
12F + E
11 + E
3 E3 E
2 15F ‘QZ —80Gev? w222 x10° 1 ‘QZ ~110.Gev?, x=3.06 %107
14F k3 E
13t + El
11 + £l
i3 i
01702 0304708 61762036408
yAY yAY,
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Measuring F; and PDFs at HERA

Measurlng FL F> and xF3

Measurements of F|

at H E RA fIICDaFV)::iItffavour Production

Isolated v Production

E, (GeV) 460 | 575 | 920 e JEYS
HIZ(pb ") | 12 | 6 | 22 Sob T Tms o T
ZEUS L (pb™") | 14 | 7 | 44 wE s s 3
m The first direct measurements of ;
Fi have now been published?. o { L

Q@ (Gev?)

m In addition H1 have produced a

b : H1 Preliminary F
new measurement” I1n an -

2 ) “8 [ ® H1(Prelim) - ;1;?:12303?9; H1PDF 2009)

extended Q< range: L[ cmmmen  r g e
2.5 < Q% < 800GeV o8- SN

m For Q? > 10 GeV measurement
in good agreement with pQCD o

3Phys. Lett. B665 (2008) 139, i

DESY-09-046
’H1prelim-09-044 Q¥/Gev?
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Measuring F; and PDFs at HERA
F> and xF3

P D F Flts gﬂ;:s:;‘fsments of F

Heavy Flavour Production
Isolated v Production

Both H1 and ZEUS have performed their own PDF fits.
Analysis is made using the DGLAP equations:
DGLAP Equations

1
8qi(X, Mz) _ Oés(/.l,z) dz X X o
dlnp2 27 z Z:quqj q,(;,u ) + Pag g(?u )
9gi(%, 1) as(p?) [ dz X o X
A ln p? = o 5 (JZquj'qj(Z:,U' )JrPg.g(;“u ))

X

The DGLAP equations tell us the PDF(Q2,x) given PDF(QS,X)

In addition a new PDF fit to the combined data (HERAPDF) has
been made.

James Ferrando QCD at Highest Q? 20 / 49



xP(x)

H1PDF 2009, Q% = 4 GeV?
Lf 1 ]
xU _
05 + xU b
XUV 1
0 : : : f =P
1 . ]
xD _ 1
xD ]
05 T B
xd, ]
0 : : : : P
75 F _T_ BB experimental uncertainty ]
[] + model uncertainty 1
B + parameterisation unc. ]
5 xg T ]
25 F + xS B
0 L L L L L L ]
-4 3 2 1 -4 3 2 -1

10 10 10 10 10 10 10 10

X

James Ferrando

Measuring F; and PDFs at HERA
F> and xF3
Measurements of F|

PDF Fits

Heavy Flavour Production

Isolated v Production

New H1 fit? uses only H1 data:

Data Set Data Points | y2

low Q* 2] 58 55.9
medium Q* this measurement 99 81.5
e*p NC high 0%, 94 - 97 71 130 92.6
e*p CC high 0%, 94 - 97 [71 25 21.2
e”p NC high 0,98 — 99 [8] 139 112.1
e p CC high 02,98 - 99 [8] 28 173
e*p NC high 0%, 99 - 00 [9] 147 137.4
e*p CC high 02, 99 — 00 [9] 28 31.1

Fits 5 PDFs : xuy, xdy, xg,
xU=0+4+¢, xD=d+5+0b

“DESY-09-005

QCD at Highest Q2
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http://arxiv.org/abs/0904.3513

Measuring F; and PDFs at HERA
F> and xF3

Measurements of F|

PDF Fits
Heavy Flavour Production
Isolated ~ Production

== H1PDF 2009
Q% =10 GeV?

m Good fit to the data =08
x?/n.d.f = 587/644 o7 |
X
m Reduced uncertainty at low-x 0.6
w.r.t. HIPDF2000 g

m Larger (more realistic)
uncertainties at high-x (new
parametrisation uncertainty
dominant)

05 |
04 |
03 §
02 |

01

Parametrisation Uncertainty

New uncertainty determined by using 010
parametrisations which describe data
well but have unphysical behaviour at
large x

James Ferrando QCD at Highest Q? 22 / 49



HERA PDF

xf

Measuring F; and PDFs at HERA

F> and xF3
Measurements of F|

PDF Fits

Heavy Flavour Production
Isolated ~ Production

Similar procedure adopted for fit to combined HERA data’:

08

06

04r

0.2

H1and ZEUS Combined PDF Fit
T T

B e uncert.

[ mode! uncert.

—— HERAPDF0.2 (prel.)

[ parametrization uncert.

Q?=10 GeV?

April 2009

xu,

HERA Structure Functions Working Group

10* 10° 10?

N

101

X

H1 and ZEUS Combined PDF Fit

@ HERA I NCe'p (prel.)
O Fixed Target
I HERA

p.

(ex)

PDFO.2 (prel.)
incert)

A beautiful fit to the data: x2/n.d.f. = 576/592

'H1prelim-09-045,ZEUS-prel- 09-011

James Ferrando

QCD at Highest Q2

April 2009

HERA Structure Functions Working Group
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Measuring F; and PDFs at HERA
F> and xF3

P D F FItS Measurements of Fr

PDF Fits
Heavy Flavour Production
Isolated ~ Production

The new combined HERA-I fit compares well with global fits:

1 1
= Q?=10GeV?2 = Q?=10GeV?2
08 - 081 4
g (x 0.05) ] HERAPDFO.2(prel.) xg (x 0.05) ] HERAPDFO.2(prel.)
(exp+model +param) (exp+model +param)
06f B 06 ]
Il CTEQ6668% CL I MsTwos 68% CL
04 \ \ 1 04 1
XS (x 0.05)
02 , / , 02 / 1
10? 10* 1 1
X X

This has implications for the LHC
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Measuring F; and PDFs at HERA

Impact on F> and xFs
Measurements of F|

PDF Fits
Heavy Flavour Production
Isolated ~ Production

ZEUS + H1 HERA PDF

W and Z rapidity distributions

N
m
C
(]

W and Z rapidity distributions

g 2 oz 2 2
I
Exf \*& 1
os os
of of
e : i
o o8
I I I N RN R
L ua A
F % os i
e E
Safb 7o
Z 0z
0|
o
o = =
; ] 4l
0 | - Y
B R S S -oa =
v

e
3

£ asymunewy
g
‘
)
o Raw
&
T

—— HERAPDFO2 (exp)

ZEUS+H1PDF o1l ]
TN B oo

total uncert.

e
13

£8.5e.
LI
8.8




New ZEUS Fit

xf

08r

06

041

021

xg (x 0.05)

T
Q?=10 GeV?

—— ZEUS09 fit (prel.)
a,(M,)=0.1180

|:| total uncert.

AN\ ZEUS-JETSPDF

ZEUS-prel-09-010

James Ferrando

Measuring F; and PDFs at HERA

xF3
ments of F

PDF Fits

Heavy Flavour Production

Isolated ~ Production

ZEUS-Jets showed that adding jet
data constrains the gluon better.
New ZEUS fits show areas of
improvement with HERA |l data.
Added data relative to ZEUS-jets:

m High Q% e=p NC
m High Q% e p CC
m High Q% etp CC
m F; measurement
1060 points with x?/n.d.f. = 0.97

Polarised data treated
separately — EW sensitivity

QCD at Highest Q2 26 / 49


http://www-zeus.desy.de/public_results/functiondb.php?id=ZEUS-prel-09-010

Measuring F; and PDFs at HERA
F> and xF3

N ew Z E U S F |t ;/IDe:s:vifsments of F|

Heavy Flavour Production
Isolated ~ Production

Comparison of uncertainties on new
fit to ZEUS-JETS shows areas of
improvement from adding HERA I
data:

fractional uncertainty

m Better uy at high-x from

IO A T ™ R Highest Q% e~p NC and CC
04 [ zEUS09fit (prel.) 0ab Il ZEUSJETSPDF IE|
0af i3 ] data

oot 1 ozt 1 m Better dy at high-x from
oaf 1 sk ] Highest Q2 eTp CC data

x m Better g from F; data

James Ferrando QCD at Highest Q? 27 / 49



FS& 0.2

1.4

12

0.8

0.6

0.4

0.2

ZEUS

[x=0.0008 i=5

[x=0.0016 i=4

[x=0.0025 |S/A/‘{/

[x=0,013 i=1,

T T T

:

X003 i =

Measuring F; and PDFs at HERA
F> and xF3

Measurements of F|

PDF Fits
Heavy Flavour Production
Isolated v Production

F2b using muons to tag events.

T T
- * ZEUs126p5” () A new measurement? of F2CC and
L o zEUS82pb™ (D) A b

L O H157 pb™ (VTX) ]

: B zeussres | m Results for F£¢ shown here

m Results agree well with QCD
predictions

m Agree well with
measurements from D*
events and inclusive impact
parameter measurements

i ]

il

10 10

3
ot Eev)

James Ferrando

“DESY-09-056

QCD at Highest Q2
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http://arxiv.org/abs/0904.3487

Measuring F; and PDFs at HERA
F> and xF3
Measurements of F|

PDF Fits
Heavy Flavour Production
Isolated v Production

H1 CHARM AND BEAUTY CROSS SECTION FRACTION

g TR New measurement® of F3© and F2bb
10 F + + 4 /. . .
HiDaa % wsTwsNiLO (inclusive impact parameters)

10 2 u fbE 1 {bb 1 . 1
107 E} XTD.OOD}Z T xToooo}az }‘ XTDOOO}S T::_ r@© ;.'I'.'g[l;ahtl?c

Al e s e ¥ O 108
10 F T + E z
w0 + * + 4 E :

-3 * x =0.0008 x =0.0013 x =0.002 E- [
10 ) s s 3 10

4 - veo” po-t > F
0 ¢ T k3 E Zr

j=

2 o F .
0 E ¥ E i * NN Output

-3 x =0.0032 x =0.005 x =0.013
10 v vl

,17 = 3 1 ? 1 if . =
° = Smallest extrapolation to F29

2L 1 41 g . .
10 f m Agrees well with QCD predictions

3 x=0.02 x=0.032 x =0.05
10 i L 2 L

10 10° 20° 10 120° 10° 10 10° 10° 2DESY-09-096
Q%1 GeV?

James Ferrando QCD at Highest Q2
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Measuring F; and PDFs at HERA
F> and xF3

Measurements of F|

PDF Fits
Heavy Flavour Production
Isolated v Production

HERA F," . ) )
o R P YA m Detailed, consistent picture
10"7’_/’1x = 0.00005 (x 4" ) = HIHERAL (VTX) 4

ZEUS HERA I (D* .

3 ZEUS HERAT (D", 'D"D"l of F2QQ has been built up
ZEUS (prel,) HERA i 4

G4 a'mmmm‘"; Hl(rrel)HrkAll

e 5 m Many independent
 xmoms E measurements of F§¢

. x=0.0005 (x4")

107 x=0.0006 (x4'%) | . b
el = 00008 ] m Still much to learn about F;
_ x=0.001 (x4") o,
10°F x=0.0012 (x4) E % 10 HHZEUSF Bx.Q) ;

x=0.0015 (x 4% Py X=0,
10k : o 3 x=0.002 (x4) 3 u i
° - " . 103 X=00005
103 P Ly x=03edy ] /t/‘//k
¥ X=0.004 (x 4
107 ﬁ x=0.006(x4) 3 10 /{1// X=0,002
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Isolated ~

Production

Isolated s at HERA produced via:

Measuring F; and PDFs at HERA
F> and xF3

Measurements of F|

PDF Fits

Heavy Flavour Production
Isolated ~ Production

Quark Line (QQ)

Lepton Line (LL)

€

q

a q

€

q

y

€ € €

y

q q q

q

As a consequence of adding QED corrections to the PDFs? a

photon component «p of the PDFs arises. Giving also eyp — ey

e

’p

e

7

m 7p(Q?, x) important for
EW corrections at LHC

m MRST2004 the only PDF
with full QED corrections

m Used old ZEUS data to
cross check vp PDF

2Eur. Phys. J. C39, No. 2. (2005), 155
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Measuring F; and PDFs at HERA

Isolated ~ > and o7

Production

Heavy Flavour Production

(pb/GeV)

Y
M

do/dE.

do/dQ? (pb/GeV?)

[

o

0.4

0.2

BT

ZEUS

t

* ZEUS 320 pb*
—GGP:LL+QQ+LQ

MRST + GGP: QQ

et
\\\‘\\\‘\\

20

‘100
QX(GeV?)

. L
30 40 50 60

James Ferrando

Isolated ~ Production

New measurement of isolated photon
production at ZEUS:

m Compared to GGP?

m Also compared to MRST2004
prediction (LL component only)

m Finally (green line) compared to
MRST2004 LL and GGP QQ

E+ spectrum well described by theories,
but problems with Q2 spectrum.
(Similar behaviour w.r.t to GGP
previously observed by H1)

MSTWO08 with QED corr. in preparation

? Gehrman-De Ridder et al. - Phys. Rev.§
Lett.96:132002 (2006)
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Jet Production in DIS

O Utl i ne Measurements of ag

Jet Substructure

Jets
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Jets In

BIN

ZEUS

“—
3
o
£
3
£ 4
~
o
k)
[o)
©

— NLO

E'fs >8GeV
2<nf<15
|cosy,| < 0.65

* ZEUS (prel.)) 1883 pb™

o] £
Qo4

04 [

[ jet energy scaleuncertaimyé

7] theoretical uncertainty

10°

4

22
Q% (Gev?)
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Jet Production in DIS
Measurements of ag
Jet Substructure

Inclusive jets in High Q% NC?:

m A stringent test of pQCD

m Good description by NLO QCD
over large Q2 range

m Theoretical uncertainty
dominates experimental
uncertainty at high Q?

m In some regions PDFs the
dominant theoretical uncertainty
— can constrain the gluon

#ZEUS-prel-09-006

QCD at Highest Q? 34 / 49


http://www-zeus.desy.de/public_results/functiondb.php?id=ZEUS-prel-09-006

JetS | n Jet Production in DIS

Measurements of ag

D I S Jet Substructure

Normalised 2-Jet Cross Section New H1 inclusive and multijet
1F 1F
H 150 < Q%< 200 GeV? & H 200 < Q< 270 GeV? ” measurement a:
10" 10"
bg . .
% 1011 NZE m momentum fraction carried by
o
e s IV - Incoming parton:
« é:s— R ;:3 L N
10% 10" 10? 10"
‘ M2
EHL cgeamoet 9] T apegremont ¢= XBj(l + Q2 )
° 10 10
g ;L
3 ﬂ;L’:LZ g m Normalised dijet cross sections
- — . S — as a function of ¢
© oo L e o8 | W
o o o o m NLO cross sections describe
17HJ. e) fHL f)
700 < Q%< 5000 GeV? 1] 5000 < Q”< 15000 GeV/” data We”
o 10'F 10 .
£ uf I m Theory error (Higher orders)
© wf ‘ wef [wosnaar | significantly larger than exp.
12 T 12
Y S N - ;
10? 10" c 10? 10" ; DESY—09—032
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http://arxiv.org/abs/0904.3870

MeaSU rements Jet Production in DIS

Measurements of ag

Of G/S Jet Substructure

From H1 multijet paper: _ _
Normalised Jet Cross Sections

EXtraCtlon Of s GS FH1 « Combined H1 data (incl., 2-, 3-jet)

[ Q.CD prec12|ct|ons were fitted 020 B
USIng a X mEthOd Theory uncertainty

m Values of as were extracted
by fitting the individual
normalized inclusive, 2-jet,
3-jet cross sections and their
combination

Fit quality x?/n.d.f. = 65/53

DESY-09-032 :
See th by A Observed running of

ee the poster by A. pected from QCD
Baghdasaryan
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Jet Production in DIS
Measurements of ag

Jet Substructure

m Extracted values of as

compatible with world
—exp. uncert.
H1 high Q? jet multiplicities . -=-th. uncert. average
DESY 09-032 [arXiv:0904.3870)  ceeseesecpEses
H1 low Q2incl. jets i | m Comparable precision to
Hiprelim-08-032 eersesersessscesssgmsrescessssesscseees + -
) e’ e measurements
ZEUSyp jets o
sevsperoree m Different measurements,
ZEUS high Q2 incl. jets Ll . .
wvsper9o0s e environments and
HERA comb. 2007 incl. jets | H
Hiprelim-07-032/ZEUS-prel-07-025 '"'?"" processes ConS|stent
e Great success of QCD!

World average | More HERA Jet measurements
S.Bethke, Prog.Part.Nucl.Phys.58:351-386,2007 . y

! | \ to be seen in K. Hatakeyama

0.11 0.12 0.13 5

a,M,) talk
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Jet Jet Production in DIS

Measurements of ag

S u bst ru Ct u re Jet Substructure

Jet substructure can be studied by re-running the k7 algorithm
with smaller values of the resolution parameter y.ut
Subjet distributions can be used to study:

m Pattern of radiation from the primary parton

m Direct test of the splitting functions and scale dependence
m Colour coherence

m soft radiation tends to be emitted in the proton direction

As attention at the LHC turns to jet-substructure as tool for
boosted-heavy particle reconstruction? it is very interesting to see
theory confront real data on jet substructure.

3Phys.Rev.Lett.100:242001,2008
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Jet Jet Production in DIS

Measurements of ag

S u bst ru Ct u re Jet Substructure

E e Study of jets with exactly two
gzs ‘[!‘79 : subjets for yc,: = 0.057

b e 1 .F ] m Normalised cross sections well

- L i described by pQCD predictions

; - e m Scale dependence of radiation
;%35 y 'll..a’//////////// w from partons well described by
| gy .. R o

N3 ] *DESY-08-178

3
10
Q*(Gev?) Q(Gev?)
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Jet Jet Production in DIS

Measurements of ag

S u bst ru Ct u re Jet Substructure

Subjet distributions for jets with 3
o .éurm,iifx“s subjets for y.,t = 0.03

m Oy - angle between planes determined
by the highest Et subjet and the
beam and the two lowest E7 subjets

m a3 - The angle between the highest
E7 subjet and the vector difference of
the two lowest E7 subjets as seen

ZEUS ZEUS from the jet center in the n — —¢

TZEUSGrd) 3upet TzZEUsErd) 3peT |
Y= =

o i plane

m v - The angle between the highest E;
subjet and the vector difference of the
two lowest E7 subjets

2 3
0 (ra0) Vi)

pQCD predictions give an
ZEUS-prel-09-007 adequate description of the data
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Outline

Summary

B Summary
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Summary

Summary

HERA continues to produce important QCD measurements:

m World leading proton structure determination:

New data at highest Q? will help constrain valence PDFs
FR9 with increasing precision

Potential to measure photon component of the proton
New combined data even more precise than using separate
results

m Precise measurements of ag
m Excellent determination of jet cross sections:

m Theoretical uncertainties often larger than experimental
m Potential to constrain the gluon PDF
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Back-Up

Slides

Back-Up Slides begin here
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1 EW results CC Cross Section
O Utl I ne EW Fit results

H EW results
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Total CC

EW results CC Cross Section
EW Fit results

Cross section

HERA Charged Current e*p Scattering

~120 ——
e L 4
E= N ep - vX i
8 r © H1 2005 (prel.) E
© 100~  H198-99 ]
[ A ZEUS 98-06 ]
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F A ZEUS 99-00 B

60— i —

r HERAPDF 0.1 B

40 % =

L % 4

[ 2 ]
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o
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EW results CC Cross Section

EW Fit results

. ZEUS
* [ T T T T ]
os * A'ZEUSNC (rd) ¢p (113pi) 1 With polarised e* we now have
C = A ZEUSNC (prel.) ep (177 pb™) | . ) )
L S Soygas] < access to Polarisation asymmetries:
04— —
L gl 2 crPRok(R)
o ] Pr—P, o’i('PR)-i-O'i(PL)
o AL T g . .
o02f 3 to a good approximation:
0.4 E z
£ i F’Y
06 4 A ~ $kae
08 : _
E ..o v I3 at large Bjorken-x

o

10° 10*
Q*(Gevd)
~ 1+d,/uy
ZEUS-prel-07-012 AE = F = kgd

ZEUS-prel-08-005
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EW Fit

EW results

Results

ZEUS
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CC Cross Section
EW Fit results
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only the preliminary version of the new e~ p NC data
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Outline

Combination and PDF fits

[@ Combination and PDF fits
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ZEUS-S

Combination and PDF fits

Non ZEUS sources:

e [, data on p — p scattering from BCDMS [39], NMC [40], and EG65 [41];

deuterium-target data from NMC [40] and E665 [41]. These were included in order to

have 1, d flavour separation;

NMC data on the ratio F}’ /F} [42]. These determine the ratio of the d to u valence

shapes;

the CCFR [43] 2 F; data, from (anti-)neutrino interactions on an iron target. These
give the strongest constraint on high-r valence PDFs. They are used only in the x
range 0.1 < <0.65 in order to minimize dependence on the heavy-target corrections.
The latter were performed according to the prescription of MRST [31]. These zF} data
are unaffected by the recent re-analysis of CCFR Fy data [44,45].
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